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Abstract (Basic): JP 11074536 A 

NOVELTY - A po I yc ry s ta I I i ne silicon film (3) is formed on a 
transparent insulation substrate (1). Laser beam is irradiated on the 
whole film, which heats the film. The roughness of the film is removed 
when the irradiation is performed subsequently. The temperature is 
maintained between 900-1100 deg. C during irradiation. 

USE - For semiconductor device manufacture e.g. LCD. 

ADVANTAGE - By using this technique the semiconductor layer with 
high mobility is formed easily. The crystal defect of the layer is 
reduced and the roughness of the semiconductor layer is also reduced. 
DESCRIPTION OF DRAWING(S) - The figure shows the sectional view of the 
manufacturing process of the semiconductor device. (1) Transparent 
insulation substrate; (3) Polycrystal I ine silicon film. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a semiconductor 
device comprising a semiconductor layer having high field effect mobility. 



SOLUTION: After forming a polycrystal I ine silicon film 3 on a transparent 
insulation substrate 1, laser beam is irradiated to the polycrystal! ine 
silicon film 3. The po I yc rys ta I I i ne silicon film 3 is heat-treated under 
the temperature capable of smoothing its rough surface. The c rys ta I I i n i ty 
of the polycrystal I ine silicon film 3 is improved by irradiating laser beam 
to the polycrystal I ine silicon film 3, and the roughness of the surface of 
the polycrystal I ine silicon film 3 is lowered by a successive 
heat-treatment. The field effect mobility of the polycrystal I ine silicon 
f i Im 3 is increased. 
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as«»9 5 otfli±s i i o orw^ 

[0 0 4 4] zcoj:o:z, £Sga->'J3>« («IM) 
oCch^oT, *ttftxUn>|||3<oaB<7>lHlfl <« 
U 3 >K 3 £ft£iAJf tLTffl^fcTFTWfJf 

3ttTFTtaaa*«it8iffli»tiii, A»sc***fT 

[0 0 4 5] H 1 6tt. ±ELfcJB5XaiZ*5l»T, U 

fc»&t«)*«ii*> u xi >H(7)«BoEiia*»*»r y 

^7Tcfe<5* HI6*#SBLu WtttSU-lfX*^ 

lti^o ^fz, s^i (O) ttu— tffiaws?«c«iffla* 

(•) tt*fcfflH*i6Lfc (JlQlftLfc) «&^IT^ 

[0 0 4 6] 116 ilT^-TJ:^:^ #ESH->»J 3 

nm-2. OnmT^^o BB»»flE«r*ftS*/i 
if^i;:, U- C/JP^L ^^CiiiiS^ tfffl 

[0 0 4 7] -9 \Z. U 3 >S3'\(7)l/- 

fi v U 3 >K 3 O^E^Eldb^iSST^ C t &T**Z> Z 

[0 0 4 8] SI OHfiS»ffi^S5XSTSi. U 
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mi 0 Ot:£U:T*ntfPHi<03MiS?#* Z t&T'g 
5. (EL. a^«»ttSiROS0*B6±-r4C<t*#tt 

-rsfts. »fSBi*i*fl)*««>»i.«ii8Ett»6 o or 

<D$tmy : a-£7>&m^TMl8.LfzTFT<r> I d-Vg*# 
tt<k«e*OTFT«) I d-Vg!t*tti$7nLfey7 7T 

a*. mi7£#!£L-c. ««{c}4y-h«a«cBnins 

WlffVg*»0, «*Ctt KU-f >!;fltns*SK I 
d£$3. H 1 7 Ic^f JB 1 «5*i6»j8lcJ:* 

TFTTti. ^•>ttte!C4oiT-5ffi^O®B5t I d 

[0049] Ttzty*,. m i onmitm i ,z£z>grigMk'> 

■5. H l 7 ictkTJ; oir. ^-/iSftwfg^y- 

hlffiVgTroKK >1S1 d(S. £E3t5©TFTJ:0 
1 C0^SSJgsi!CJ:-5T F TfflS»^< mftT^ZZ. 

[0 0 5 0] 111 4~H 1 7 IC^L S5I 

— tfmm'&<n&Mmt<DmJ5<Di:m'.zj:-oT. ^^^-> 

'J n >M 3 (nmfficnWdhZ&i&T % Z 4 £ £A< 

[0 0 5 1] t^^. TFTfflWS»ft»»S. SI 
(■y-y^U-yvaJUHM) *3<i:6<V t h fg (L£Wi) 

IC. 11-11 2JC*Lt«10|Si£»!jSlC«t*Hjfi7' 
□ -t X !C =fc o T J£ fi£ $ ft Tz T F T £0 *# ft I C O I > T $ <=> (C 
819!*-*. Hi 8#J:tfiai 9fi. IB 1 O^JfiJBaiKJ: 
-5TFTOT I d -Vg^tt*jKL. 13 2 0i5.J:6<H2 1 
«fi£3fea>TFT<7) I d - Vg#i£*^*\ H18~H2 

a i 9 ic^-tms i <n^fcBmiz£.z>T f tot h- u 
-r >mat idn m 2 i !:^rcf*oTFTo h u-f > 

a«tffl I d J;t5t)*ti>Ii:A<W'«. :hli, JB 1 <0 

znTnmmm&mmv. '&&e>nft%im&wi&izit 

[0 0 5 2] 12 2$#1LT, U— +fCDBS£t 



#U 2 5 OmJ/c rr^ffiifiT fcf— £^ L . 

ro^x^ju^^jgwiijpizffoTm^m^iftatsiil^: 

M^£OPi#<7) h U — K^-7OT^»{Cct-5fcOTT*-5. 

[0 0 5 3] (212 3 *r#BgLT. 1 <0*tS»!S 

cDSaifi:7D-fcX£flH>TJBfi2 L7iT F T &m.)LhjtZm& 

(LCD) WiSJjfiTD-fe^fC^^TiftH^-ri. 
£*\ El 1 2 !r^L/tS 1 ©SygJBSUcfc-ST FT*)g 
figLfcgfc. i2 3!:^tJ:5!:, XA7?g*lnt, 
iSB^^ttStS 1 Oia^gBnlfei±IC, I TO (Indium T 
hin Oxide ) <=.&5i*WSa*t*fiSr 1 7 
£ffj>sJcT-5,> £W*Wllffil7}i. TFT<75f£KjJI£& 
K-^Stlfc**ft-> 'J n >m3<D&tiLBHzmiSL 

[0 0 5 4] i^lC. 7 s A -f XCO^EiCHrajfeSKS 3 £ 
JfcJ&T*. «|HMfti»BI3 3WtfK£LT«. ->'Jn>& 

^H->5n4. cnb©lfflM!;ttCVDffisit'.iP 
CVDS*iffll>5il«. £<£>&. 1P«I3 3I;, ffi 
IS^»*«ltl 4*3^^1 5 9 h*- 

»atf £ £ fcKJiniHesHi 3 3 cd±® ±i;:&oTj£6<-g> 
a 1 s i 1 (H*-t*-**> z&tftLrzm. ?cda 1 s i m 
&n9--y -ft'.zJ: <o . v— x • KU-f>* 

ts 1 8 £fl£firr-£>. 

[0 0 5 5] sfc. 1^113 3*5«fctf7-X • h - U 
•f/iSl 8$I^J;9i:i«SIl 6*»eRLfc 

1 8±iz&&-rzmmzzi>?>7 h*-j^wr?>. 

f©a >^^7 \**—)\,fii&m&tSi:£blzmffl&&km 1 
6fl)±Ii;i-3tg6^ I TOI (H^-tfr-f) €rff$BicL 
fc^. -5-© I TOl$/^-z>m:ii:J;0^ 
fi2 0*Mt^. S^1S2 Oiii^S^lg^K 1 
6±!CE|S]^2 9 *JgBtc-T-5. ZtllZckO, TFTiO 

[0 0 5 6] ^Sy'Ja>A^/j;5TFT!)<)g 

dcan/iaw*iwtanR 1 £. ^<n^miz^mmm2 1 
ffi»iai$-e-*. ^-cDttsi-c. ®H^*esttts« i izmw& 

^ 1 <733SStSfi5Sls!C<fco T FT*fflUtLCD 

[0057] S2 4icis. mTfkmm^izmmmm^^ 
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(y- h H7-f A 2 5*5<fctf KU-f > K5-f A* 2 
6) (^tgiftJi<h^^i®^g50IgSftech^*3IS£^0^ 

[0 0 5 8] &*<&S*«ti2 0Pflte«^Ei»4 

OilctoTMS^ltl^o Sfc. y— h K^-f/t2 5 
*5<fctf KU-f >F5-f/<2 6i:b*nfn(8§B«4 0 

JC«tSTFTS:iiffiLfc7^T--i' h U y i7X^^c7) 
L C DO^O 7 ?«flc0^sntt^. 

[0 0 5 9] i2 5^#ILT, iH3fgB 2 4 \Z\t. 
SSI (y-hEIS) Gi-Gn. Gnrl-Gmi, & 
y-^E&S ( K U-f >fi») D L -Dn. Dn+1 —G 

^tbntt^o tit, &y-he»tt. h k 

[0 0 6 0] ftFH>E8H KUOH^-T 

A* (T-^H7-fA) 2 7l^»«an, 5 s — (t: 
x*{f^) **Bl*PS*l*. ccoy— h 5 ch h* 

U-f > K5>f /N'2 6 i{CctoT^3a^ift[HlS§aB2 8 tWJI 
/£2n£* if-hF7<A'2 5^6<KK>F7<A 
2 6 CD 5 ch^-^^lJ^^2 4 <h[B]-S&i:tC 

»B8LfeLCD«, -jRC^-f/t-M (KM/trt 
jKS!) LCDifftftlT^*. ft*5* y-hh'MA2 
5^i®S8B2 4<BpflJKIStt£nT^£*&fc*9, S 
fc, FH>F5-fA2 7^®iSgE2 4 COLONICS ft 6 

[0 0 6 1 ] EI 2 5 (CiKL/cL C DT'll iffi^gB 2 4 <D 

y^yymmTizh, ±ELfc» 1 <nw$mw<zZLZ>$> 

11*86 2 4fCfflUST FT<hffliaffiftlHli!S«2 
8Hffl^*T FTi*ra-*«±!c36frLT»B£Ta. 
ft*5, CCO^iZ2^i/llH3KgB2 8C0^^^ B ^'J 3>K^^ 
OTFTH LDD«ii-C«7S<. S«C0'>>^KU 

[0062] ^fc, Hias8»a»aB2 s^^aa^un 

»bft^)TFT$, CMOS «iiJC»fiETtltf, T 
FT<DJ&f&mi&&1&'Mt2 J &*>Z. ^Ofg 
y— h K7-fA2 5*5cfcL<FU-f> F7-fA2 6 <D 

!3 2 6iC^, y-hfiSGntFK/Ei 

d n tnmx&ftiz&tf znxi*zmm&<Dmm®&& 

S$tlTt^, i2 6 *r#Bg IT, Hi*88 2 4tt. BX 
mghm^t LTcot FT>. aa-tr;ULC>, ffigb^ft 

c s tfrzmi&ztiz* y— heacnJcssTFToy 



-h?WM*£*lT*3 0. KK>6E«Dnl:liTFT0) 
FH>«g^TU§, TFTOV — XiZtt. <£a 
-fe;ULC(Z)**«a (B*««) 2 0£> ffiMtitS 

[0 0 6 3] C<7)a?a-t;ULCi:»SjSfiC s itC<t 
B <»S»H'2 0<Z)K*f<MO«tfi) 2 ilClifffiVc o 

m^aiasfta. — j*«ie«c siz*^t. tft 

OlCttMflEVR *«HMn**i*. c^ B B a t;ncco* 
Ilffi2Ut T^T«)iii*8B2 4!-J*LTftiir«« 
gi:4otl^ 9 «a-fe^L C 2 0 
g2 1 t<7)|BUCi4#«$«^JB5KSnTl^. &*5. ffi 
Kj^fiC s il&UT, MfS5 0;t B0)y-hE« 
Gnr 1 <h«^cSnTt> 

[0 0 6 4] ftfPtLTtt. J:E<0J;5i;:WlJ«aftfcB 
^gtf 2 4 K*50T, y-hSIGn*EfE{:LTTF 
T0>y- MC#ttJE£WSO-r*<fc. TFT**ON«J*t 

aglC s iK^S*!*. ^C0-^, y-hEIGn 
T FT*** 7 

[0 0 6 5] C^ttfjgT, >E«Dnicwansn 
T^fc«flE*««a-fe^LC(0#«3iF«i*l«l*«C s t 

^#y-*lf K >E^'.:4^.Ty- hffiiOi 

EE*MW"r*w>«cj:^T. mm&2 4<,ziiM(D7 : -? 
Lx^^^-^m^iz^cx^ii)iLc^mm^m 

[ 0 0 6 6] (&2<a%jK»ffi) 12 7 4dJ:6<1I2 8 £ 
#SLT61T(;S2 <B*K»SS<BB»7o*;u;:oi>T 

EI 1 -EI 1 2 \z^L fzm 1 co^Sg^«g(Cci:^S!it^ffi€: 

^i^^SLTl^o :<?) e |;7(;t7t7 
T^ii^ii^. S 1 0 IZTjktrzm l 0*Jfi»ffilzJ:SSI 
1 OlBK*tt**tt»attAtt»:fcfcrir. El 2 7JZ 

^figT^o rlt, ^K^^HH2 *$j;6<y- hi 
18*l9i:r;:i/yXhi3 0*ML^ii r0U 

ot, ^mm^^mmi 4&£l<\ 5 *mt^o z 

[0 0 6 7] (»3co*i!a«ffi) JiIES I £>cfcL<SI2 0 
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ftST S h 7 7^- hSOT FT(?)!!iS7Dt^i:^^ 

•6*->'J =i >^c7DTiC(4®1-^^ h SOT F T 

coSifr d -t x tc o ^TP^t £ o 

J:5CJB|BHfi«i6t»*-r*. »M«»«6±i;:IMI 
H->'J3>I2SLPCVDS*fflt^T, S i 2 H 6 

Sr. BtBtfcftffitJflHT. fioOOt, 1^2 0^07 
03 0 9 0nmg^If*W1'^ 

[0 0 6 9] H3 i ;:^f J:^c> *«sa->u 

3>lK3<0*ffi*» 1 0 5 OtWiiHiltTl^ 0 

ftm P^imtZftteo z t ;:J:oT— »(t->u n >H 

oagJ¥TJ£/£TSo ^ay'J3>I3W 
S*U5 0 nm— 6 0 nmgg(&KJ5iC&^Tl><5. - 

^f>Xy Myf >J^l:J:OI»SLT, 03 2(::^T 

tfttf, #$ga'> , Ja>H3^^att^^±^it^w<h 
&S. 

[0 0 7 0] 13 3!:^tJ:5(:, *«ft->'J =3 

>Sg (ffilftB) 3 0S@i:S5A = 2 4 8 nm^KrF 

JBlO*JB»aS0)JB5xai:lpI*O*ft-CfT<i:5. * 

So 

[0 0 7 i ] 0 3 4 ;:^t<J:e)[:. rtasc 

.WXe7-^7>7, i»***tt9 0 0TC£l±ttl 1 

[0 0 7 2] U-^»fe«t^jffiS^8EStl 
t*8S-> , J3>S3S:, 7r h'jyy77^5'#chh' 
7<X«y5 1 >ytS?fi<h*:fflUT/^-X>y-rSC:itC 
ct-^T, i3 5C/T$ni)J;o^^0^y , Ja> 

«3a<f#s*is. co>?$. 03 6;:^Tct9(:, ^SSii 



y'j3>I3^)±(?)p7rS^i:l/yX hI3 2£J£f£f 
So ^Ltl/yXhI3 2*7X^>Lt^ H 0 B y | J3 

>«3^3F*Etts<^>ttA-rsz(t<c<toT, 

3 2 £i&£-tSo 

[0 0 7 3] ;£«::. 03 7 il^Tct ^(^. U =3 

>m 3 £ j: bm%shk 6^mo^o \zmnmukm 3 3 

^Mt^o Z<D'&* 03 8 {I^-Tcto(C, in«SK 
3 3 CQiSfflK^«4»ig« i 4 4oct6< 1 5 .hlCftST SSI 

-JUSr«jitJi:i:fc«lJBPBl«j»a3 3 GDJiK&tfS J: 5 
Id, • KU-T >li 1 8 <h&SA 1 S i gg£fl2f« 

n. fltfOA 1 S i m*^?--*/ 7-fZZ£',Z 
ctot, 03 9{:SSn4ct5ft7- X ■ h'l/OfIS 
1 8 *:ff2fiJcTS a 

[0 0 7 4] &*5. ±ieC0S3<7)HJg^T*{S, £«sa 

So dttdcfcO, «BEStl^TFTO«j!t3a*»lft§E* 
|6lJ:Stt8:i:*«T«, TFTOKl/^f/f 

[0 0 7 5 ] 0 3 3 '.ZTjkLtZls— tfRBWiaiCiS 

n>M3(D*ffiS!$*SSii{S«rsci:^T*, 
(CctOTFT^*»35ft*»»aE (hX>iS) 'o 
JC*£< T*:t*M*. BUOtt, ±IE^3<^^j5S 

S/T8i^SLfcKIitSI>, 04O*#RgLT, r 
©»ft«**l*«H2 3(::^L/rSii^i£B£&fcS 
COte, i 4 0 L ^* B B B g^gi^# h A y- h 
TFTSfflW^:tW?*0, -£-<&(Bl<0«fittlp| 

iz, iB*»oKiiiBift*5«ttfK**(t*aflEr*wt*« 

T€So 

[0 0 7 6] tt*5, ±EJB 1 -^3^*lfS^figT^, # 
USt^^frSI 2 (hit, 7r^77Xy'j3>I*fflO 
ti/> (Se) , W7X^7i» (Ge) , fltft# 
U-^A ( G a A s ) . Sfcrt. gffctf'J^A (GaN) 

T, X^yTU-f^fflUt.^, *±/> (Xe) 7- 
7 1/- »ffiffli>*;&A<»«W««fci>. 

[0077] #ikm¥m&m2 **eaitTo 
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(*4^M«) B4i-a4 9*#SLTKTl:* 

[0 0 7 8 ] £-r, HI 4 1 ll*T«fc 5 iZ, 35 1 1ST 

±(C, LPCVDSSffl^t, S i2He*tt»^X<fcL 
T4 5 OttMS^'J =1 >^2 * 1 0 0 nmm&<nm 
tt"*5. # B 0 BSy | JJ>i2BP-CVD 
(Plasma Chemical Vapor Deposition) ffi^ffll^T, 15 
3 0 Ort 1 0 0 nmSK<7)«»-e»i5£-rSJ:5«wLT 

[0 0 7 9] ^ir, S2Iit'll 0 4 2 ^"Tcfc? 

3>M2**«ftS/Uii>IK3!::T*. l^^y'J 

n>K3#TFTOffi»»<h&<5o 

«• 04 3{C^Tct^(C. RT Affile J: SftiSSfcJaa* 

5>t\ »8M*8 9 0 0TC:UU:8 1 1 0 OtTJ^T (»S 
L<tt»9 5 0t;K±fil lOOtttT) . »H»*«N 

c<nfz£>. iBifllftfflJlJickO^*sa'> , Jn>iH3a) 
tt^rt^^lBttiftW^Sitft^S. l 

TAffiiCctaAajBuaaicrtAT- awewttstt 1 * 

[0 0 8 0] ±E«)J:5«:J»ffla**Lfc«, 

4{c^^n^ct 5ft/^-z>ygftt*aiyU □ > 

■ 3Jl«»rtESn^ 15IBTI1 H4 5KIS 

TcfcotC, /^-z>^Snt*efl-> , JD/I3Sl 
■p^OlCL P C VDSSfflUty- h^I6 chLTCD 
LTOI (Low Temparature Oxide : ->U3>»ftK) 
5MTo, ~00*1£<OL PC V D *:8 5 

o sc*s* ssiaa*»5oor 

«Tl:LTPCVDa*^UTy- h«tUR6 tuz>-> 
[0 0 8 1 ] -<7>», V-h-«»«6JiiZ. LPCVD 



RTttttU. IWji 7* h U vy^7wti*tR I E 
6£>c£6<^H:> »J a >«7 */N?-z>mciC 

mn8 t*«»j«sn-5. 

[0 0 8 2] w00^. S7IS!:*3^T, I4 7!:^t 

a)^F*ei»tt. nsiwa^'.zttt* (as) (p) * 

fflu, -t<0£#<0ftfrW:8 8 OkeV, ft 3 x l c>3/ 
c rn^T^o. p ^ CO ^F^ft) fUfc > u 4 It 5~ 

tt, *D> (B) Srffll^ -S-OiS&oaAftfttt, 83 
OkeV. 81. 5xi 0l3/cm-T^)^ o ZCOcfc 5 
CLT, 12 4 7 !:^5tl^£IH^M^ 1 0*5<fctf 

i ia<*j5£sn*. 

[0 0 8 3] ;^JC, S8IiT*ll *ea->U3>H3 
APCVD (HtJECVD) ffiCJ:Ott»« (HSr* 

B8fii^- h«fij»BI6<0«ffi!Cia4 8 llTFe tlOct 

[0 0 8 4] »9XBtC*5^T, B]4 9{I^rct 

51c. 1M K 1 **— Jl> 1 2*7Xi7>lt, ^teS^'J 

zgjg^&ftrS^l 4*5±6<1 5^Mt^^!:aA1-^ 
^<BttA*f*«:, »8 0keV, 83 x l 0*5/ cm* 

88 5 Ot:, 83 0fl\ NotfXSMfcWBSU 

[0 0 8 5] w<o«R4aa«s, RTAacAsiia 

g^'Xe7-^7>7, Sa^8 7 0 0t:UtJi89 5 0 
CHT. »B«**N2- **rJW<i#'-3#'e**. RT 
AffiiCcfc*M.«tt!«fflT*«/yffirtTaB#MT3»TT* 

^»«««l0i5J:L<i li. KfflS^F»«jM« l 4^3 
i6<l 5 t L D D ia*St« 7 - X/ K U< 

[0 0 8 6] _bISOXSiCcfcoT5^a^ 'J □ >gg^flg 
»ltt«TFT^SIStlo. ^^5. i42 C^L/: 
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1 <a^J£?Scoif ££(!0t$K r Fx+y7l/-f 
[0 0 8 7] ^fftwe-ASfflUTt,. Bg»X 

3 <&«a&SHi*£ mao^ssoisaia 

<S 5 <7>3IS£^8g) EAT, B5 0-H5 5S#ILT, 

[0 0 8 8] £"f, *llfitlt 13 5 OJC^Tct^tC 

(C, LPCVDSSfflUT. S i 2 H 6 (yy7>^'X) 

/£T£o C y U □ >I 2 }i 1 0 0 n mgg<^I 
f-CMt^, M1->UD>12}JP-CVD 
(Plasma Chemical Vapor Deposition) ffiSrffll^T, 
3 0 OrcofUig^frTT 1 0 0 nmgg<7)lj|TML 

[0 0 8 9] :X\Z. JB2XS*c*J^Ttt. *M'>'J3 
>K2C0^®{Z, X+xVU— tf*8B»LTU— 1f7x 

»j3>B3^TFT(0ttita5. *tC, m3XSiC 

Xy^>ySJB<i:$fflOT/^-x>y-r^C<i:fCcJ:^ 
T, TFT^^fi£{iBiC^i5 2 KtSTJ: 5tt*«a-> »J 

z3>K3^fig$n^> 9 

[0 0 9 0] JB4XHiC*J^Ttt, H5 3C^t 

±olZ. ^iy'Ji>l3 0±i:, LPCVDSJffl 
^T^SOOraTOlS^gt, y-hJfi»«6 4:L 
T(?)LTOI (Low Teraparature Oxide : ~> } )zi>&it 

(Sfiag:^5ootKT) ■?»rtr*->U3>»n: 

[0 0 9 1 ] Z<D'&> y- h&&m6<D±lZ. LPCV 

jST*. &*s, :^Sy'Ja>i7i:^fUB 
^K-7'$nt^^Saa:^, :Jt^, SI5Xglc*5U 
X. El 5 4{:.^TJ:9!:. RTAj£{:J:otaMi$: 
fT^Oo z.<D£g<n&Mm$kmt* &M&XeT—?7 
yy. iam&&9 o oica±tt i 1 o ortrF 



< }*8j9 5 0 < C£A±«J 1 1 0 0t6lT) . £HSW< 

[0 0 9 2] tt*3, RTAftiZ^^SftjaSilftAT. * 
ajS3*fflUTN2«H»4""C» 1 0 5 OtTft 2 B#M0> 

9ISH B4 6-EI4 9 JI* L 4 <7)j|J5E»ffia)7 ? 

«fi y U 3 >B 3 £«liiM i TS T F T *«fiEt <& I i 

[0 0 9 3] JB4(0*IS»«OJB3Xao.«Sa 

iCOC^TItt0^t"^o H5 5I1 fl6»JBT*S**&a-> , J 

tcss u— wmrnwm* mmt^m^> u a >s 3 <oai 

5 (I , #aft v U □ > (C |y—tf «BBM L T**gaft L 
^oaffi^GDiDitt. 1. OnmSST**. *>!:. m& 

!RjBat«iLTl^^»**ria:6. 7 nmeftiCSTlt 
[0 0 9 4] CC0<J;e>fC> HglJjJf £&£#b b h M->U :n > 
5 ZilCcfcoT, *«ft->U3>«3<0*HS!SS:(S« 

^fgax , j3>«[3<7)*ffij!a^«asns<7)-c, 

T F T©«»»*»ft8E**S < r « :i*T 

TFTC0 h'yOfMffl^Wli 

;iCD<£5&TFT£&a^^BlC^n 
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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a semiconductor 
device comprising a semiconductor layer having high field effect mobility. 
SOLUTION: After forming a polycrystalline silicon film 3 on a transparent insulation 
substrate 1 , laser beam is irradiated to the polycrystalline silicon film 3. The 
polycrystalline silicon film 3 is heat-treated under the temperature capable of smoothing 
its rough surface. The crystallinity of the polycrystalline silicon film 3 is improved by 
irradiating laser beam to the polycrystalline silicon film 3, and the roughness of the 
surface of the polycrystalline silicon film 3 is lowered by a successive heat-treatment. 
The field effect mobility of the polycrystalline silicon film 3 is increased. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] More specifically, this invention relates to the manufacture method of a 
semiconductor device of having a semiconductor layer, about the manufacture method of a semiconductor device. 
[0002] 

Pescription of the Prior Art] Conventionally, the liquid crystal display (LCD:Liquid Crystal Display) is equipped with the 
display pixel section arranged by the matrix and the drive circuit section which drives the display pixel section. Generally, in the 
case of a liquid crystal display, high mobility (rapidity) is required compared with the transistor from which the transistor which 
constitutes the drive circuit section constitutes the display pixel section. 

[0003] In recent years, high mobility can be realized to some extent now by using a polycrystal silicon film as an active layer of 
TFT (Thin Film Transistor) which constitutes a drive circuit. For this reason, TFT which becomes not only the transistor that 
constitutes the display pixel section but the transistor which constitutes the drive circuit section from a polycrystal silicon film is 
used increasingly. And the so-called LCD of drive circuit one apparatus in which the display pixel section and the drive circuit 
section were formed on the same substrate is developed by using a polycrystal silicon film as an active layer of TFT which 
constitutes the display pixel section, and TFT which constitutes the drive circuit section. 

[0004] LCD containing TFT using such a polycrystal silicon film as an active layer requires the further improvement in the speed 
of TFT which constitutes the drive circuit section in connection with highly-minute-izing and densification of the pixel of LCD. 
For this reason, in the former, the research and development for raising the mobility of the active layer of TFT which consists of a 
polycrystal silicon film are done. 

[0005] For example, by changing into disilane (Si2H6) gas the material gas used for behind at the time of formation of the silicon 
layer used as a polycrystal silicon film from silane (SiH4) gas, the diameter of crystal grain of the polycrystal silicon film after 
solid phase growth is enlarged relatively, and various methods, such as attaining improvement in the speed, are proposed. 
[0006] " " - 

[Problem(s) to be Solved by the Invention] However, it was difficult to obtain the active layer of TFT which has sufficient high 
mobility also with the proposed above technology. For this reason, when such TFT was used for a liquid crystal display (LCD), 
there was a trouble that especially the thing to acquire for a more nearly high-speed drive circuit was difficult, consequently it was 
difficult to raise the display property of LCD. 

[0007] One purpose of this invention is manufacturing easily the semiconductor device equipped with the semiconductor layer 
which has high mobility in the manufacture method of a semiconductor device. In the manufacture method of a semiconductor 
device, another purpose of this invention is reducing the irregularity of the front face of a semiconductor layer while decreasing 
the crystal defect of a semiconductor layer. 
[0008] 

[Means for Solving the Problem] The manufacture method of the semiconductor device by one aspect of affairs of this invention is 
equipped with the following processes. A semiconductor layer is first formed on a substrate. A high-energy beam is irradiated at 
the semiconductor layer. 

[0009] Then, it heat-treats under the temperature conditions that the irregularity of the front face of a semiconductor layer can be 
reduced. In this invention, in this way, by irradiating a high-energy beam at a semiconductor layer, the crystal defect of a 
semiconductor layer can be decreased and, as a result, the crystallinity of a semiconductor layer can be raised. Moreover, the 
irregularity of the front face of the semiconductor layer which increased by irradiation of the above-mentioned high-energy beam 
can be effectively reduced by heat-treating under the temperature conditions of a conductor layer that a front face can reduce 
irregularity in the irradiation second half of a high-energy beam. 

[0010] Thus, while being able to decrease the crystal defect of a semiconductor layer, the irregularity of the front face of a 
semiconductor layer can be reduced, the electric field effect mobility of a semiconductor layer can be raised by that cause, 
consequently the drain current of a semiconductor layer can be made to increase by the manufacture method by one aspect of 
affairs of this invention. If such a semiconductor layer is used for a liquid crystal display, while the high-speed drive of the drive 
circuit section will be attained, highly-minute-izing and densification of the pixel section are realizable. 
[001 1] In addition, it is desirable to perform the above-mentioned heat treatment under 900-degree-C or more temperature 
conditions 1 100 degrees C or less. In this case, it is desirable to perform heat treatment by the rapid thermal annealing method. 
Thus, un-arranging [ of a substrate deforming ] does not arise, decreasing the defect in the crystal of a semiconductor layer etc. 
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with elevated-temperature heat treatment, since high temperature processing will be performed extremely for a short time, if the 
rapid thermal annealing method is used. 

[00 1 2] Moreover, a polycrystal silicon layer is formed and you may make it irradiate a high-energy beam by polycrystal-izing an 
amorphous semiconductor using a solid phase grown method at the polycrystal semiconductor layer in the manufacture method of 
the semiconductor device by the one above-mentioned aspect of affairs. It is desirable to perform irradiation of the high-energy 
beam in this case, where a polycrystal semiconductor layer is heated. It is desirable to perform the heating below 100 degrees C 
or more 600 degrees C. 

[001 3] Thus, the irregularity of the front face of a polycrystal semiconductor layer can be reduced more, consequently since it not 
only can raise the mobility of a transistor more, but a laser energy density can be set up lower than the case where it does not heat 
at the time of irradiation, the sustaining cost of laser equipment is mitigable, if a polycrystal semiconductor layer is heated at the 
time of irradiation of a high-energy beam. 

[0014] Moreover, after forming an oxide film by oxidizing the front face of a polycrystal semiconductor layer in advance of 
irradiation of a high-energy beam, the oxide film is removed, the front face of a polycrystal semiconductor layer is exposed, and 
you may make it irradiate a high-energy beam after that at the exposed polycrystal semiconductor layer. If it does in this way, the 
crystallinity of a polycrystal semiconductor layer can be raised more. 

[001 5] Moreover, an amorphous-semiconductor layer is formed on a substrate, and it polycrystal-izes and you may make it form a 
polycrystal semiconductor layer by irradiating a high-energy beam at the amorphous-semiconductor layer in the manufacture 
method of the semiconductor device by the one above-mentioned aspect of affairs. It may be made to perform heat treatment in 
that case immediately after irradiating a high-energy beam, and after it forms an insulator layer and a polycrystal silicon film one 
by one on the after [ irradiation ] polycrystal semiconductor layer of a high-energy beam, you may be made to perform it. 
[0016] Moreover, it is desirable to perform heat treatment in that case by the rapid thermal annealing method. Thus, un- arranging 
[ of a substrate deforming ] does not arise, decreasing the defect in the crystal of a semiconductor layer etc. with 
elevated-temperature heat treatment, since high temperature processing will be performed extremely for a short time, if the rapid 
thermal annealing method is used. Moreover, in the manufacture method of the semiconductor device by the one above-mentioned 
aspect of affairs, a high-energy beam contains preferably either laser or the xenon arc lamps. Thus, if laser or a xenon arc lamp is 
used, the energy irradiated into the crystal of a semiconductor layer can be absorbed efficiently, and, thereby, the crystallinity of 
the semiconductor layer used as an active layer can be improved easily. 

[0017] Moreover, the semiconductor layer may contain the silicon layer. As for the semiconductor layer, it is desirable that the 
active layer of TFT is included. Moreover, you may make it form a semiconductor layer through a gate velum on the gate 
electrode which you may make it form a gate electrode through a gate insulator layer in the formation second half of the 
semiconductor layer on a conductor layer, and was formed on the substrate. 

[00 1 8] By the manufacture method of the semiconductor device by other aspects of affairs of this invention, it has the following 
processes. First, an amorphous-semiconductor layer is formed on an insulating substrate. A polycrystal semiconductor layer is 
formed by polycrystal-izing the amorphous-semiconductor layer using a solid phase grown method. A high-energy beam is 
irradiated at the polycrystal semiconductor layer. Then, it heat-treats under the temperature conditions that the irregularity of the 
front face of a polycrystal semiconductor layer can be reduced. 

[0019] Thus, by heat-treating under the temperature conditions that the irregularity of the front face of the polycrystal 
semiconductor layer can be reduced, after irradiating a high-energy beam at a polycrystal semiconductor layer While being able to 
reduce the crystal defect of a polycrystal semiconductor layer, the irregularity of the front face of a polycrystal semiconductor layer 
can be reduced, by that cause When the polycrystal semiconductor layer is used as an active layer of a transistor, the electric field 
effect mobility of the transistor can be raised, consequently the drain current of the transistor can be made to increase. 
[0020] If such a transistor is used for a liquid crystal display, while the high-speed drive of the drive circuit section will be 
attained, highly-minute-izing and densification of the pixel section are realizable. In addition, in the manufacture method of the 
semiconductor device by the aspect of affairs besides the above, it is desirable to perform irradiation of a high-energy beam, 
where a polycrystal semiconductor layer is heated. If it does in this way, the irregularity of the front face of a polycrystal 
semiconductor layer can be reduced more, consequently the electric field effect mobility of a transistor can be raised more. 
[002 1 ] The manufacture method of the semiconductor device by the aspect of affairs of further others of this invention is equipped 
with the following processes. First, an amorphous-semiconductor layer is formed on an insulating substrate. By irradiating a 
high-energy beam at the amorphous-semiconductor layer, it polycrystal-izes and a polycrystal semiconductor layer is formed. 
Then, it heat-treats under the temperature conditions that the irregularity of the front face of a polycrystal semiconductor layer can 
be reduced. While being able to raise the crystallinity of a polycrystal semiconductor layer, when the irregularity of the front face 
of a polycrystal semiconductor layer can be reduced and this uses the polycrystal semiconductor layer as an active layer of a 
transistor by this, the electric field effect mobility of the transistor can be raised, consequently the drain current of the transistor 
can be made to increase. If such a transistor is used for a liquid crystal display, while the high-speed drive of the drive circuit 
section will be attained, higWy-minute-izing and densification of the pixel section are realizable. 
[0022] 

[Embodiments of the Invention] The operation gestalt of this invention is explained based on a drawing. In addition, the same sign 
is used for the same component in each following operation gestalt. 

(1 st operation gestalt) With reference to drawing 1 - drawing 12 , the manufacture process of the semiconductor device (TFT) by 
the 1st operation gestalt of this invention is explained. 

[0023] First, the 1st process is explained with reference to drawing 1 . At this 1st process, on the transparent insulation substrate 
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1 which consists of glass or quartz glass, the LPC VD (Low Pressure Chemical Vapor Deposition) method is used, and the 
amorphous silicon film (amorphous-semiconductor film) 2 is formed for Si2H6 (disilane gas) as material gas. This amorphous 
silicon film 2 is formed so that it may have about lOOnm thickness under about 450-degree C temperature conditions. 
[0024] Next, at the 2nd process, as shown in drawing 2 , annealing of about 20 hours is performed under about 600-degree C 
temperature conditions using a solid phase grown method (SPC: Solid PhaseCrystalization). Thereby, the amorphous silicon film 

2 is polycrystal-ized and it reforms on the polycrystal silicon film 3. Under the present circumstances, the thickness of the 
polycrystal silicon film 3 decreases to about 90nm. Next, in the 3rd process, as shown in drawing 3 , the front face of the 
polycrystal silicon film 3 is oxidized by performing dry oxidization for about 30 minutes in about 1050-degree C oxygen 
atmosphere. This forms the diacid-ized silicon (Si02) film 4 which has about 20nm thickness on the front face of the polycrystal 
silicon film 3. 

[0025] Then, in the 4th process, wet etching removes the diacid-ized silicon film 4 using the etchant of a fluoric acid system. 
Thereby, as shown in drawing 4 , the front face of the polycrystal silicon film 3 is exposed. Thus, if the diacid-ized silicon film 4 
is removed after oxidizing the front face of the polycrystal silicon film 3 and forming the diacid-ized silicon film 4, the crystallinity 
of the polycrystal silicon film 3 can be raised. This polycrystal silicon film 3 serves as an active layer of TFT. 
[0026] Next, in the 5th process, as shown in drawing 5 , a KrF excimer laser beam with a wavelength of lambda= 248nm is 
irradiated on the front face of the polycrystal silicon film 3, and laser annealing is given. For substrate temperature, room 
temperature -600 degree C and an irradiation energy density are [ 100 mJ/cm2 - 500 mJ/cm2, and the scan speed of the laser 
radiation conditions at this time ] 1 mm/sec - 10 mm/sec. 

[0027] In addition, about a scan speed, it can scan in fact at the rate of the range of 1 micrometer/sec - 100 mm/sec. As the 
above-mentioned laser beam, you may use a XeCl excimer laser with a wavelength of lambda= 308nm. For substrate 
temperature, room temperature -600 degree C and an irradiation energy density are [ 100 mJ/cm2 - 500 mJ/cm2, and the scan 
speed of the laser radiation conditions at this time ] 1 mm/sec - 10 mm/sec. 

[0028] The scan speed in this case can also be scanned in fact at the rate of the range of 1 micrometer/sec - 100 mm/sec. 
Moreover, you may use an ArF excimer laser with a wavelength of lambda= 193nm. For substrate temperature, room temperature 
-600 degree C and an irradiation energy density are [ 100 mJ/cm2 - 500 mJ/cm2, and the scan speed of the laser radiation 
conditions at this time ] 1 mm/sec - 1 0 mm/sec. The scan speed in this case can also be scanned at the rate of the range of 1 
micrometer/sec - 100 mm/sec. 

[0029] Even if it uses which the above-mentioned laser beam, in proportion to an irradiation energy density and the number of 
times of irradiation, the diameter of crystal grain of the polycrystal silicon film 3 becomes large. Therefore, what is necessary is 
just to adjust an energy density and the number of times of irradiation so that the diameter of crystal grain of a desired size may be 
obtained. The high throughput laser irradiating method is used for the above-mentioned excimer laser annealing in this operation 
gestalt. With reference to drawing 13 , the composition of the equipment used for the high throughput laser irradiating method is 
explained. The equipment is equipped with the KrF excimer laser 101, the reflecting mirror 102 which reflects the laser beam 
from the KrF excimer laser 101, and the laser beam control optical system 103 which processes a predetermined state and 
irradiates the laser beam from a reflecting mirror 102 at a substrate 1 . 

[0030] In such composition, cylindrical or the laser beam processed into the line (beam size : 0.5mmx 50mm) is irradiated by the 
superposition of two or more pulses with the laser beam control optical system 103 by the high throughput laser irradiating 
method. Superposition of these two or more pulses is performed by laying a cylindrical laser beam on top of arbitration from 0% 
to 99% in the direction of a minor axis. And a throughput is raised by synchronizing a stage scan and pulse laser irradiation 
completely by irradiating laser in the state of very highly precise duplication. 

[003 1] After performing laser radiation using the above high throughput laser irradiating methods, at the 6th process, it 
**********s and patterning of the polycrystal silicon film 3 by which laser radiation was carried out is carried out. Thereby, the 
polycrystal silicon film 3 by which patterning was carried out as shown in drawing 6 is formed in the formation position of TFT. 
Then, at the 7th process, as shown in drawing 7 , on the polycrystal silicon film 3 by which patterning was carried out, the 
LPCVD method is used and the HTO film (High Temparature Oxide : silicon oxide) used as the gate insulator layer 6 is formed. 
Then, heat treatment is performed. 

[0032] This heat treatment inserts the transparent insulation substrate 1 into an electric furnace, and is performed under about 
1050-degree C temperature conditions in N2 atmosphere for about 2 hours. In addition, this heat treatment may use rapid heat 
treatment by the RTA (RapidThermal Annealing) method. Heat sources are [ Xe arc lamp and the temperature of the conditions 
of heat treatment at this time ] the time for 1 second - 10 seconds in about 900 degrees C or more about 1 100 degrees C or less 
(preferably about 950 degrees C or more about 1 100 degrees C or less) and N2 atmosphere. Although heating by the RTA 
method uses an elevated temperature, it can prevent un-arranging [ of the transparent insulation substrate 1 deforming ], 
decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with elevated-temperature heat treatment, since it can 
finish extremely in a short time. 

[0033] Next, as shown in drawing 8 , at an octavus process, the polycrystal silicon film 7 with which the LPCVD method was 
used and phosphorus was doped on the gate insulator layer 6 is formed. In addition, the dope of the phosphorus to the polycrystal 
silicon film 7 is not necessarily required, then, in the 9th process, patterning of the polycrystal silicon film 7 and the gate insulator 
layer 6 lower [ the ] is carried out using photolithography technology and the dry etching technology by the RIE method The gate 
electrode 8 and the gate insulator layer 6 by which patterning was carried out as shown in the field located on the polycrystal 
silicon film 3 by this at drawing 9 are obtained. 

[0034] Next, in the 1 0th process, as shown in drawing 10 , an impurity is injected into the upper surface which the polycrystal 



3 of 11 



6/24/03 2:13 PM 



http7Aftww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



silicon film 3 exposed, and the upper surface of the gate electrode 8. Furthermore, the poured-in impurity is activated by 
heat-treating. In an n type case, the pouring conditions in this case of the impurity at this time are about 80 ke V(s) and about 
3x101 3-/cm2 using an arsenic (As) and phosphorus (P). Moreover, when pouring in a p type impurity, the pouring conditions in 
this case are about 30 keV(s) and about 1.5x1 013-/cm2 using boron (B). With above pourings and heat treatments of an impurity, 
the low concentration impurity ranges 10 and 1 1 are formed. 

[0035] Next, at the 1 1th process, after depositing an insulator layer (not shown) by the APCVD (ordinary pressure CVD) method 
on the transparent insulation substrate 1 so that the polycrystal silicon film (active layer) 3 and the gate electrode 8 may be 
covered, this insulator layer is ********** ec j using the whole surface etchback of an anisotropy. The sidewall 12 which consists 
of an insulator layer as shown in the side of the gate electrode 8 and the gate insulator layer 6 at drawing 1 1 by this is formed. 
[0036] Then, at the 12th process, as shown in drawing 1 2 , the high concentration impurity ranges 14 and 15 are formed in a 
self-adjustment target by pouring an impurity into the polycrystal silicon film 3 by using a sidewall 12 as a mask. In addition, in an 
n type case, the pouring condition of the impurity poured in at this time is about 80 keV(s) and about 3xl015-/cm2 using 
phosphorus (?) ion. Furthermore, an impurity is activated by heat-treating in this state using an electric furnace. N2 quantity of 
gas flow of the heat treatment conditions in this case is a part for about 51./for about 850 degrees C and about 30 minutes. 
[0037] In addition, this heat treatment may use rapid heat treatment by the RTA method. For Xe arc lamp and temperature, about 
700-degree-C or more about 950 degrees C or less and atmosphere are [ a heat source / N2 and the time of the conditions of heat 
treatment at this time ] 3 or less seconds 1 second or more. Heating by the RTA method can prevent effectively that the 
transparent insulation substrate 1 deforms, decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with 
elevated-temperature heat treatment, since it can end extremely in a short time, although an elevated temperature is used. Thus, 
the source / drain field of the LDD (Lightly Doped Drain) structure which consists of low concentration impurity ranges 1 0 and 
1 1 and high concentration impurity ranges 14 and 1 5 are formed. 

[0038] Of the above process, TFT using a polycrystal silicon film as an active layer is formed. In addition, as an excimer laser, it 
is also possible to use F2 laser (wavelength of 157nm), ArF laser (wavelength of 193nm), KrCl laser (wavelength of 222nm), 
XeBr laser (wavelength of 282nm), XeCl laser (wavelength of 308nm), and XeF laser (wavelength of 351nm) besides the laser 
used with the operation gestalt of the above 1 st. Even if it uses these excimer lasers, the same effect as the laser used for the 5th 
process of the operation gestalt of the above 1st is acquired. 

[0039] Moreover, it is also possible to use Ar+ laser (wavelength of 488nm), ruby laser (wavelength of 694nm), an YAG laser 
(wavelength of 1.06 micrometers), a C02 laser (wavelength of 10.6 micrometers), etc. besides an above-mentioned excimer 
laser. However, in order to be efficiently absorbed in the polycrystal silicon film 3, it is desirable to use the above-mentioned 
excimer laser. 

[0040] Furthermore, as a high-energy beam, it is also possible to use an extra-high pressure mercury lamp, a low-pressure 
mercury lamp, a deuterium lamp, a halogen lamp, an Fe/Hg metal halogen lamp, etc. As for these high-energy beams, it is 
desirable to use a thing with a wavelength of about 600nm or less which it is tended to absorb a silicon film. 
[004 1 ] Here, the effect by heat treatment of the 7th process shown in drawing 7 is explained. At the 7th process, the transparent 
insulation substrate 1 was put in in the electric furnace, and the temperature of about 1050 degrees C performed heat treatment of 
about 2 hours among N2 atmosphere. Thereby, the roughness (irregularity : roughness) of the front face of the polycrystal silicon 
film 3 used as the active layer of TFT can be decreased. Drawing 14 is a graph which shows the concavo-convex state of the front 
face of a polycrystal silicon film with the case where the case where it heat-treats in the 7th process, and heat treatment are not 
performed, after carrying out laser radiation to a polycrystal silicon film. With reference to drawing 14 , a horizontal axis shows 
the energy density of the laser to irradiate, and the vertical axis shows the irregularity of a polycrystal silicon film front face. 
Moreover, a white round head (O) shows the case where heat treatment after laser radiation is not performed, and the black dot (-) 
shows the case where it heat-treats. 

[0042] As shown in drawing ) 4 , in any case, the roughness of the front face after carrying out solid phase growth of the 
amorphous silicon film is about 1 .2nm - about 1 .3nm. And to concavo-convex increase not being seen so much, when the 
irradiation density of laser is made to increase and it heat-treats, when having not heat-treated, it turns out that irregularity 
increases. Drawing 15 is the graph which showed the relation between the temperature at the time of heat treatment in the 7th 
process, and surface roughness and electric field effect mobility. With reference to drawing 1 5 , change of the surface roughness 
to change of temperature is expressed by O, **, and **, and the electric field effect mobility to change of temperature is expressed 
by **, and **. While surface roughness falls as temperature rises [ temperature ] above about 900 degrees C, electric field 
effect mobility is large and a bird clapper is known. 

[0043] Moreover, since the melting temperature of silicon is about 1400 degrees C, if it is made about 1 100 degrees C or more, 
un-arranging [ that a transparent insulation substrate will curve in the processing time ] will arise. For this reason, heat treatment 
temperature has desirable about 1 100 degrees C or less. Since it is such, heat treatment temperature is understood that about 900 
degrees C or more about 1 100 degrees C or less are desirable. Furthermore, heat treatment temperature has about 950 degrees C 
or more more desirable about 1 100 degrees C or less. 

[0044] Thus, by heat-treating in the 7th process after irradiation of the laser to the polycrystal silicon film (active layer) 3, the 
irregularity (surface roughness) of the front face of the polycrystal silicon film 3 can be reduced, consequently the electric field 
effect mobility of TFT using such a polycrystal silicon film 3 as an active layer can be raised. Furthermore, if such TFT is used for 
a liquid crystal display, it will become possible to perform a good display. 

[0045] Drawing 16 is a graph which shows the concavo-convex state of the front face of a polycrystal silicon film with the case 
where it does not heat like the case where it heats at the time of laser radiation, and before in the 5th above-mentioned process. 
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With reference to drawing 16 , a horizontal axis shows a laser energy density and the vertical axis shows the irregularity of the 
front face of a polycrystal silicon film. Moreover, a white round head (O) shows the case (it did not heat) where it does not 
heat-treat at the time of laser radiation, and the black dot (-) shows the case (it heated) where it heat-treats. 
[0046] As shown in drawing 16 , in any case, the roughness of the front face after carrying out solid phase growth of the 
amorphous silicon is about 1 .Onm - 2.0nm. Moreover, to surface roughness becoming smaller than an early state, when changing 
irradiation density and it heats at the time of laser radiation, in not heating at the time of laser radiation, it turns out that surface 
roughness also increases with the increase in a laser energy density. 

[0047] Thus, by carrying out, where irradiation of the laser to the polycrystal silicon film 3 is heated shows that the irregularity of 
the front face of the polycrystal silicon film 3 can be reduced. Consequently, the electric field effect mobility of TFT using such a 
polycrystal silicon film 3 as an active layer can be raised. Furthermore, if such TFT is used for a liquid crystal display, it will 
become possible to perform a good display. 

[0048] In addition, at the 5th process of the 1 st operation gestalt, although heating temperature of the substrate at the time of laser 
radiation was made into about 400 degrees C, if it is about 100 degrees C or more, the same effect can be acquired. However, as 
for the oak in consideration of preventing the curvature of a transparent insulation substrate, and the heating temperature of the 
substrate at the time of laser radiation, it is desirable that it is about 600 degrees C or less. Drawing 1 7 is the graph which showed 
the Id-Vg property of TFT formed using the manufacture process of the 1st operation gestalt, and the Id-Vg property of the 
conventional TFT. With reference to drawing 17 , the voltage Vg impressed to a gate electrode is taken along a horizontal axis, 
and the current Id which flows to a drain is taken along a vertical axis. As shown in drawing 17 , in TFT by the 1 st operation 
gestalt, it turns out that the current Id of the curve in an ON state is large compared with the former. 

[0049] That is, it turns out that the electric field effect mobility of the electron of an active layer which consists of a polycrystal 
silicon film by the 1st operation gestalt is improving compared with the conventional electric field effect mobility. Furthermore, as 
shown in drawing 17 , it turns out that the TFT by the 1 st operation gestalt is flowing mostly rather than TFT of the former 
current / drain / Id / in the low gate voltage Vg immediately after ON ]. This shows that irregularity is smaller than the front face 
of the active layer of TFT of the former [ front face / of the active layer of the semiconductor device by the 1st operation gestalt ]. 
[0050] From the result shown in drawing 14 - drawing 17 , the process of both heating at the time of the laser radiation in the 5th 
process and heat treatment after the laser radiation in the 7th process shows that the irregularity of the front face of the polycrystal 
silicon film 3 can be reduced. And if such a polycrystal silicon film 3 is used as an active layer of TFT, it turns out that properties, 
such as electric field effect mobility, can be raised more. 

[0051] That is, the property of semiconductor devices, such as electric field effect mobility of TFT, S value (sub threshold level 
value), and a Vth value (threshold), can be raised. Next, the property of TFT formed of the manufacture process by the 1 st 
operation gestalt shown in drawing 1 - drawing 1 2 is explained further. Drawing 1 8 and drawing 1 9 show the Id-Vg property of 
TFT by the 1 st operation gestalt, and drawing 20 and drawing 21 show the Id-Vg property of the conventional TFT. With 
reference to drawing 18 - drawing 21 , the voltage Vg impressed to a horizontal axis at the gate is taken, and the current Id which 
flows to a drain is taken by the vertical axis. It turns out that the drain current Id of TFT by the 1 st operation gestalt shown in 
drawing 19 is larger than the drain current value Id of the conventional TFT shown in drawing 21 . The relation of the electric 
field effect mobility of a carrier and the excimer laser irradiation energy density in the polycrystal silicon film after the process of 
both heating at the time of the laser radiation in the 5th process and heat treatment after the laser radiation in the 7th process was 
performed is shown in drawing 22 which means that the electric field effect mobility of this of the electron in the active layer 
which consists of a polycrystal silicon film by the 1st operation gestalt is improving compared with the conventional electric field 
effect mobility. 

[0052] With reference to drawing 22 , it is alike, therefore electric field effect mobility also rises, the about 250 mJ/cm2 
neighborhood shows a peak, and it turns out [ to which the irradiation energy density of an excimer laser rises ] after that with the 
increase in an energy density that electric field effect mobility is decreasing one by one. Thus, having a peak is based on the 
relation of both crystalline improvement by excimer laser irradiation and surface dry area of a trade-off. [ near / this / the peak ], 
the relation between a crystalline improvement and a surface dry area is maintained at the best relation, and, thereby, can obtain 
good electric field effect mobility. 

[0053] Next, with reference to drawing 23 , the manufacture process of the liquid crystal display (LCD) incorporating TFT 
formed using the manufacture process of the 1st operation gestalt is explained. First, after forming TFT by the 1st operation 
gestalt shown in drawing 1 2 , as shown in drawing 23 , the accumulation electrode 17 which constitutes the auxiliary capacity 
which consists of ITO (Indium Thin Oxide) is formed on the pixel section field of the transparent insulation substrate 1 using a 
spatter. You may form this accumulation electrode 17 at the time of formation of the polycrystal silicon film 3 with which the 
phosphorus used as the active layer of TFT was doped. 

[0054] Next, the layer insulation film 33 is formed all over a device. As the quality of the material of the layer insulation film 33, 
a silicon oxide, silicate glass, or a silicon nitride is used. CVD or the PC VD method is used for formation of these films. Then, the 
contact hole 19 which reaches the high concentration impurity ranges 14 and 15 is formed in the layer insulation film 33. And 
while embedding a contact hole 1 9, after forming the AISi film (not shown) prolonged along the upper surface top of the layer 
insulation film 33, patterning of the AISi film is carried out. This forms the source drain electrode 1 8. 

[0055] Moreover, a contact hole is formed in the field located on one source drain electrode 18 of the layer insulation film 16 after 
forming the layer insulation film 16 so that the layer insulation film 33 and the source drain electrode 18 may be covered. While 
embedding the inside of the contact hole, after forming the ITO film (not shown) prolonged along the upper surface of the layer 
insulation film 16, the display electrode 20 is formed by carrying out patterning of the ITO film. The orientation film 29 is formed 
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on the display electrode 20 and the layer insulation film 16. Thereby, the substrate by the side of TFT is completed. 
[0056] Next, phase opposite of the transparent insulation substrate 1 in which TFT which consists of polycrystal silicon was 
formed, and the transparent insulation substrate 22 by which the common electrode 2 1 and the orientation film 29 were formed in 
the front face is carried out. In the state, liquid crystal is enclosed between the transparent insulation substrate 1 and the 
transparent insulation substrate 22, and the liquid crystal layer 23 is formed in it. Thereby, the pixel section of LCD is completed. 
Thus, LCD using TFT by the 1st operation gestalt is formed. 

[0057] The liquid crystal display panel in which the display pixel section and the circumference drive circuit section were formed 
on the same substrate is shown in drawing 24 . With reference to drawing 24 , the polycrystal silicon film 3 which formed the 
active layer of the circumference drive circuit section (a gate driver 25 and drain driver 26) and the active layer of the display 
pixel section according to the process of this operation gestalt constitutes from this liquid crystal display panel. Two or more 
display electrodes 20 are arranged in the shape of a matrix at the display pixel section. 

[0058] Moreover, it connects by signal wiring 40 between each display electrodes 20. Moreover, signal wiring 40 is connected 
also to the gate driver 25 and the drain driver 26, respectively. Moreover, the block block diagram of LCD of the active matrix 
method which applied TFT by the 1 st operation gestalt is shown in drawing 25 . 

[0059] Drawing 25 is referred to and it is [ - Dn, Dn+1 / - Gm is arranged. ] each scanning line (gate wiring) Gl in the pixel 
section 24. -- Gn, Gn+1 -- Gm and each data wiring.Dl (drain wiring) Each gate wiring and each drain wiring intersect 
perpendicularly mutually, respectively, and the pixel section 24 is formed in the rectangular portion. And each gate wiring is 
connected to a gate driver 26, and a gate signal (scanning signal) is impressed. 

[0060] Moreover, each drain wiring is connected to the drain driver (data driver) 27, and a data signal (video signal) is 
impressed. The circumference drive circuit section 28 is constituted by this gate driver 25 and the drain driver 26. Generally LCD 
which formed at least one side on the same substrate as the pixel section 24 among the gate driver 25 and the drain driver 26 is 
called driver one apparatus (driver built-in) LCD. In addition, the gate driver 25 may be formed in the both sides of the pixel 
section 24, and the drain driver 27 may be formed in the both sides of the pixel section 24. 

[0061] In LCD shown in drawing 25 , TFT which becomes not only the element for a pixel drive of the pixel section 24 but the 
element for switching of the circumference drive circuit section 28 from the polycrystal silicon film by the 1st above-mentioned 
operation gestalt is used. In this case, TFT used for the pixel section 24 and TFT used for the circumference drive circuit section 
28 are formed in parallel to the same substrate top at the time of manufacture. In addition, not LDD structure but the usual single 
drain structure is used for TFT containing the polycrystal silicon film of this circumference drive circuit section 28. In this case, 
you may use LDD structure. 

[0062] Moreover, if TFT which consists of a polycrystal silicon film of the circumference drive circuit section 28 is formed in 
CMOS structure, the formation field of TFT can be made to reduction-ize. Consequently, the formation field of a gate driver 25 
and the drain driver 26 can also be reduction-ized, and high integration can be attained. The equal circuit of the pixel section 
prepared in the rectangular portion of the gate wiring Gn and the drain wiring Dn is shown in drawing 26 . With reference to 
drawing 26 , the pixel section 24 consists of auxiliary capacity Cs with TFT as a pixel driver element, and liquid crystal cell LC. 
The gate of TFT is connected to the gate wiring Gn, and the drain of TFT is connected to the drain wiring Dn. The display 
electrode (pixel electrode) 20 and the auxiliary capacity electrode (the accumulation electrode or load-carrying capacity electrode) 
17 of liquid crystal cell LC are connected to the source of TFT. 

[0063] A signal accumulation element is constituted by this liquid crystal cell LC and the auxiliary capacity Cs. Voltage Vcom is 
impressed to the common electrode (electrode of the opposite side of the display electrode 20) 21 of liquid crystal cell LC. On the 
other hand, in the electrode (counterelectrode) 50 of the opposite side of the side connected with the source of TFT in the 
auxiliary capacity Cs, it is a constant voltage VR. It is impressed. The common electrode 21 of this liquid crystal cell LC is the 
electrode which is common to all the pixel sections 24. Electrostatic capacity is formed between the display electrode 20 of liquid 
crystal cell LC, and the common electrode 21 . In addition, the counterelectrode 50 may be connected with the next gate wiring 
Gn+1 in the auxiliary capacity Cs. 

[0064] If gate wiring Gn is made into right voltage and a static voltage is impressed to the gate of TFT in the pixel section 24 
constituted as mentioned above as operation, TFT will be in ON state. In this state, the charge corresponding to the data signal 
impressed to the drain wiring Dn is charged by the electrostatic capacity of liquid crystal cell LC, and the auxiliary capacity Cs. If 
one of these and gate wiring Gn are made into negative voltage and negative voltage is impressed to the gate of TFT, TFT will be 
in an OFF state. 

[0065] In this state, the voltage currently impressed to the drain wiring Dn is held with the electrostatic capacity of liquid crystal 
cell LC, and the auxiliary capacity Cs. Thus, arbitrary data signals can be made to hold in the pixel section 24 by giving the data 
signal which should be written in the pixel section 24 to drain wiring, and controlling the voltage of gate wiring. The permeability 
of liquid crystal cell LC changes according to the data signal holding the pixel section 24, and, thereby, a picture is displayed. 
[0066] (2nd operation gestalt) With reference to drawing 27 and drawing 28 , the manufacture process of the 2nd operation 
gestalt is explained below. The manufacture process by this 2nd operation gestalt shows the case where offset structure is formed 
in TFT formed using the manufacture method by the 1 st operation gestalt shown in drawing 1 - drawing 12 . Thus, in forming 
offset structure, as shown in drawing 27 , it pours in an impurity after formation of a sidewall 1 2, without performing pouring of 
the impurity in the 10th process by the 1 st operation gestalt shown in drawing 10 . This forms the low concentration impurity 
ranges 10 and 1 1 . And after forming the resist film 30 so that a sidewall 12 and the gate electrode 8 may be covered, the high 
concentration impurity ranges 14 and 1 5 are formed by pouring in an impurity by using the resist film 30 as a mask. By 
performing such a process, offset structure can be easily formed in TFT excellent in the property explained with the 1st operation 
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gestalt. 

[0067] (3rd operation gestalt) Although the gate electrode 8 explained the manufacture process of top gate type TFT located on 
the polycrystal silicon film 3 with the above 1 st and the 2nd operation gestalt, a gate electrode explains the manufacture process 
of bottom gate type TFT located under a polycrystal silicon film with this 3rd operation gestalt. 

[0068] First, as shown in drawing 29 , the gate electrode 8 is formed on the transparent insulation substrate 1 . The layer 
insulation film 6 is formed so that the gate electrode 8 may be covered. On the layer insulation film 6, the LPCVD method is used 
for the amorphous silicon film 2, and it deposits by about lOOnm thickness at about 450 degrees C by making Si2H6 (disilane 
gas) into material gas. Then, the amorphous silicon film 2 is polycrystal-ized by performing about 600 degrees C and annealing of 
about 20 hours using a solid phase grown method. The polycrystal silicon film 3 which has about 90nm thickness as shown in 
drawing 30 by this is formed. 

[0069] Then, as shown in drawing 3 1 , the diacid-ized silicon film 4 is formed by performing dry oxidization during about 30 
minutes for the front face of the polycrystal silicon film 3 in about 1050-degree C oxygen atmosphere. This diacid-ized silicon 
film 4 is formed by about 30nm thickness. In this state, the thickness of the polycrystal silicon film 3 is 50nm - about 60nm 
thickness. Then, as wet etching removes the diacid-ized silicon film 4 using the etchant of a fluoric acid system and it is shown in 
drawing 32 , the front face of the polycrystal silicon film 3 is exposed. Thus, if the diacid-ized silicon film 4 is removed after 
oxidizing the front face of the polycrystal silicon film 3 and forrning the diacid-ized silicon film 4, the crystallinity of the 
polycrystal silicon film 3 can be raised. This polycrystal silicon film 3 serves as an active layer of TFT. 
[0070] Next, as shown in drawing 33 , laser annealing is given by irradiating a KrF excimer laser beam with a wavelength of 
lambda= 248nm on the front face of the polycrystal silicon film (active layer) 3. The irradiation conditions at this time etc. are 
performed on the same conditions as the 5th process of the 1st operation gestalt shown in drawing 5 . Moreover, various 
high-energy beams other than a KrF excimer laser beam can be used like the 1st operation gestalt. 

[007 1 ] Then, as shown in drawing 34 , rapid heat treatment by the RTA method is performed. For Xe arc lamp and temperature, 
about 900-degree-C or more about 1 100 degrees C or less and atmosphere are [ a heat source / N2 and the time of the conditions 
of heat treatment at this time ] 1 second - 10 seconds. It can prevent un-arranging [ of the transparent insulation substrate 1 
deforming ], decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with elevated-temperature heat treatment, 
since it is ended extremely for a short time, although heating by this RTA method is an elevated temperature. 
[0072] Then, the polycrystal silicon film 3 of a configuration as shown in drawing 35 is obtained by carrying out patterning of the 
polycrystal silicon film 3 with which laser radiation and heat treatment were performed using photolithography technology and 
dry etching technology. Then, as shown in drawing 36 , the resist film 32 is formed in the predetermined portion on the 
polycrystal silicon film 3. And by carrying out the ion implantation of the impurity to the polycrystal silicon film 3 by using the 
resist film 32 as a mask, the high concentration impurity ranges 14 and 1 5 are formed. A resist 32 is removed after this. 
[0073] Next, as shown in drawing 37 , the layer insulation film 33 is formed so that the polycrystal silicon film 3 and the layer 
insulation film 6 may be covered. Then, as shown in drawing 38 , after forming a contact hole in the field located on the high 
concentration impurity range 14 of the layer insulation film 33, and 1 5, while embedding the contact hole, the AISi film used as 
the source drain electrode 18 is formed so that it may be prolonged on the layer insulation film 33. And by carrying out patterning 
of the AISi film, the source drain electrode 1 8 as shown in drawing 39 is formed. 

[0074] In addition, with the 3rd above-mentioned operation gestalt, after performing laser radiation on the polycrystal silicon film 
3, the synergistic effect of the crystalline improvement by laser radiation and an improvement of the surface roughness by heat 
treatment can be acquired by performing heat treatment. The electric field effect mobility of TFT formed can be raised by this, 
consequently the drain current of TFT can be made to increase. 

[0075] Moreover, in the laser radiation process shown in drawing 33 , you may be made to perform laser radiation, heating the 
transparent insulation substrate 1 . If it does in this way, the surface roughness of the polycrystal silicon film 3 can be reduced 
further, and, thereby, electric field effect mobility (drain current) of TFT can be enlarged further. Drawing 40 is the cross section 
having shown the liquid crystal display containing TFT formed according to the manufacture process of the operation gestalt of 
the above 3rd. This liquid crystal display's differing from the liquid crystal display shown in drawing 23 with reference to drawing 
40 is only that the liquid crystal display shown in drawing 40 uses bottom gate type TFT, and other structures are the same. Thus, 
while high-speed operation of the drive circuit section is attained by using TFT with large (drain current being large) electric field 
effect mobility for a liquid crystal display, highly-minute-izing and densification of the pixel section can be attained. 
[0076] in addition, above-mentioned the 1- with the 3rd operation gestalt, as an amorphous-semiconductor film 2, although the 
amorphous silicon film was used, you may use the amorphous-semiconductor film which consists of a selenium (Se), germanium 
(germanium), a gallium arsenide (GaAs), or a gallium nitride (GaN) moreover, above-mentioned the 1- with the 3rd operation 
gestalt, as a high-energy beam, although the excimer laser was used, you may use a xenon (Xe) arc lamp However, it is better for 
absorption to use an excimer laser, when an amorphous silicon film is used as an amorphous-semiconductor film 2. 
[0077] furthermore - the method of polycrystal-izing the amorphous-semiconductor film 2 - carrying out - the 1 - although the 
solid phase grown method was used with the 3rd operation gestalt, you may use the melting recrystallizing method Moreover, you 
may form the diacid-ized silicon film 4 formed in the front face of the polycrystal silicon film 3 by the wet oxidation style. 
(4th operation gestalt) With reference to drawing 4 1 - drawing 49 , the manufacture process of TFT by the 4th operation gestalt is 
explained below, the 1- described above in the manufacture process by this 4th operation gestalt — laser radiation and heat 
treatment are performed like the manufacture process of the 3rd operation gestalt however, above-mentioned the 1- which uses a 
solid phase grown method with this 4th operation gestalt — unlike the 3rd operation gestalt, it crystallizes on the polycrystal 
silicon film 3 from the amorphous silicon film 2 by laser radiation Hereafter, it explains concretely. 
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[0078] First, as shown in drawing 4 1 , in the 1 st process, on the transparent insulation substrate 1 which consists of glass or 
quartz glass, the LPCVD method is used and the amorphous silicon film 2 is formed by about lOOnm thickness at 450 degrees C 
by making Si2H6 into material gas. In addition, you may make it form the amorphous silicon film 2 by about lOOnm thickness at 
about 300 degrees C using the P-CVD (Plasma Chemical Vapor Deposition) method. 

[0079] Next, at the 2nd process, as shown in drawing 42 , an excimer laser is irradiated on the front face of the amorphous silicon 
film 2, and laser annealing 4 is given. Thereby, the amorphous silicon film 2 is used as the polycrystal silicon film 3. This 
polycrystal silicon film 3 serves as an active layer of TFT. Next, at the 3rd process, as shown in drawing 43 , rapid heat treatment 
by the RTA method is performed. For Xe arc lamp and temperature, about 900-degree-C or more about 1 100 degrees C or less 
(preferably about 950 degrees C or more about 1 1 00 degrees C or less) and atmosphere are [ a heat source / N2 and the time of 
the conditions of heat treatment at this time ] 1 second - 10 seconds. Although heating by the RTA method uses an elevated 
temperature, it can be finished extremely in a short time. For this reason, it can prevent effectively that the transparent insulation 
substrate 1 deforms, decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with elevated-temperature heat 
treatment. In addition, it may replace with rapid heat treatment by the RTA method, the transparent insulation substrate 1 may be 
put in in an electric furnace, and the method of performing heat treatment of about 2 hours under about 1050-degree C 
temperature conditions in N2 atmosphere may be used. 

[0080] After performing the above heat treatments, the polycrystal silicon film 3 by which patterning was carried out as shown in 
drawing 44 is formed by carrying out patterning of the polycrystal silicon film 3 using photolithography technology and dry 
etching technology. Then, at the 5th process, as shown in drawing 45 , the LTO film (Low Temparature Oxide : silicon oxide) as 
a gate insulator layer 6 is formed using the LPCVD method so that the polycrystal silicon film 3 by which patterning was carried 
out may be covered. The LPCVD method in this case makes substrate temperature about 500 degrees C or less, and performs it. 
In addition, you may form the silicon oxide which makes substrate temperature about 500 degrees C or less, and turns into the 
gate insulator layer 6 using the PC VD method. 

[008 1] Then, the polycrystal silicon film 7 with which the LPCVD method was used and phosphorus was doped on the gate 
insulator layer 6 is formed. The dope of the phosphorus to the polycrystal silicon film 7 is not necessarily required, after this, the 
gate electrode 8 which consists of a gate insulator layer 6 by which patterning was carried out as shown in drawing 46 , and a 
polycrystal silicon film is formed by carrying out patterning of the gate insulator layer 6 and the polycrystal silicon film 7 using 
photolithography technology and the dry etching technology by the RIE method 

[0082] Then, in the 7th process, as shown in drawing 47 , an impurity is injected into the portion to which the polycrystal silicon 
film 3 was exposed, and the upper surface of the gate electrode 8. And it heat-treats in order to activate the poured-in impurity. 
The conditions at that time of the impurity at this time are about 80 keV(s) and about 3xl013-/cm2, using an arsenic (As) and 
phosphorus (P) in an n type case. Moreover, when pouring in a p type impurity, the pouring conditions in that case are about 30 
keV(s) and about 1.5xl013-/cm2 using boron (B). Thus, the low concentration impurity ranges 10 and 1 1 shown in drawing 47 
are formed. 

[0083] Next, at an octavus process, an insulator layer (not shown) is formed by the APC VD (ordinary pressure CVD) method on 
the transparent insulation substrate 1 so that the polycrystal silicon film 3 and the gate electrode 8 may be covered. And by 
*** ++ *****ing this insulator layer using the whole surface etchback of an anisotropy, the sidewall 12 which consists of an 
insulator layer as shown in the side of the gate electrode 8 and the gate insulator layer 6 at drawing 48 is formed. 
[0084] Next, in the 9th process, as shown in drawing 49 , the high concentration impurity ranges 14 and 15 are formed in a 
self-adjustment target by pouring an impurity into the polycrystal silicon film 3 by using a sidewall 1 2 as a mask. In an n type 
case, phosphorus ion is used for the impurity poured in in case these high concentration impurity ranges 14 and 15 are formed. 
The pouring conditions in that case are about 80 keV(s) and about 3x101 5-/cm2. Furthermore, an impurity is activated by 
heat-treating using an electric furnace in this state. N2 quantity of gas flow of the heat treatment conditions in this case is a part 
for about 51./for about 850 degrees C and about 30 minutes. 

[0085] In addition, this heat treatment may perform rapid heat treatment by the RTA method. For Xe arc lamp and temperature, 
about 700-degree-C or more about 950 degrees C or less and atmosphere are [ a heat source / N2 and the time of the heat 
treatment conditions in this case ] 1 second - 3 seconds. It can prevent that the transparent insulation substrate 1 deforms, 
decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with elevated-temperature heat treatment, since it is ended 
extremely for a short time, although heating by the RTA method is an elevated temperature. Thus, the source / drain field which 
has the LDD structure which consists of low concentration impurity ranges 10 and 1 1 and high concentration impurity ranges 14 
and 15 are formed. 

[0086] TFT which makes a polycrystal silicon film an active layer according to the above-mentioned process is manufactured. In 
addition, it carries out on the same conditions as the laser radiation in the 5th process of the 1st operation gestalt shown in 
drawing 5 , and the laser radiation of the 2nd process shown in drawing 42 can use various high-energy beams other than a KrF 
excimer laser beam like the case of the 1 st operation gestalt. Moreover, the high throughput laser irradiating method is used like 
the 1st operation gestalt. 

[0087] Moreover, since the diameter of crystal grain of the polycrystal silicon film 3 becomes large in proportion to an irradiation 
energy density and the number of times of irradiation even if it uses which beam, an energy density and the number of times of 
irradiation are adjusted so that the diameter of crystal grain of a desired size may be obtained. 

(5th operation gestalt) With reference to drawing 50 - drawing 55 , the manufacture process of TFT by the 5th operation gestalt is 
explained hereafter. The manufacture process by this 5th operation gestalt is fundamentally [ as the manufacture process of the 
4th above-mentioned operation gestalt ] the same. However, unlike the 4th operation gestalt, with this 5th operation gestalt, heat 
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treatment after laser radiation is performed after formation of the polycrystal silicon film 7. Hereafter, it explains to a detail more. 
[0088] First, in the 1st process, on the transparent insulation substrate 1 which consists of glass or quartz glass as shown in 
drawing 50 , the LPCVD method is used and the amorphous silicon film 2 is formed at about 450 degrees C by making Si2H6 
(disilane gas) into material gas. This amorphous silicon film 2 is formed by about lOOnm thickness. In addition, you may form the 
amorphous silicon film 2 by about lOOnm thickness under about 300-degree C temperature conditions using the P-CVD (Plasma 
Chemical Vapor Deposition) method. 

[0089] Next, in the 2nd process, it is made the polycrystal silicon film 3 as shows the amorphous silicon film 2 to drawing 51 by 
irradiating an excimer laser and giving laser annealing to the front face of the amorphous silicon film 2. This polycrystal silicon 
film 3 serves as an active layer of TFT. Next, in the 3rd process, the polycrystal silicon film 3 as shown in the formation position 
of TFT at drawing 52 is formed by carrying out patterning of the polycrystal silicon film 3 using photoengraving-process 
technology and dry etching technology. 

[0090] Next, in the 4th process, as shown in drawing 53 , on the polycrystal silicon film 3, the LPCVD method is used and the 
LTO film (Low Temparature Oxide : silicon oxide) as a gate insulator layer 6 is formed at the substrate temperature of about 500 
degrees C or less. This gate insulator layer 6 may be a silicon oxide formed by the PC VD method (substrate temperature : about 
500 degrees C or less). 

[0091] Then, the polycrystal silicon film 7 with which the LPCVD method was used and phosphorus was doped on the gate 
insulator layer 6 is formed. In addition, phosphorus does not necessarily need to be doped by this polycrystal silicon film 7. Next, 
in the 5th process, as shown in drawing 54 , rapid heat treatment by the RTA method is performed. For Xe arc lamp and 
temperature, about 900-degree-C or more about 1 100 degrees C or less (preferably about 950 degrees C or more about 1 100 
degrees C or less) and atmosphere are [ a heat source / N2 and the time of the heat treatment conditions at this time ] 1 second - 
10 seconds. Although heating by the RTA method uses an elevated temperature, it can prevent effectively that the transparent 
insulation substrate 1 deforms, decreasing the defect in the crystal of the polycrystal silicon film 3 etc. with elevated-temperature 
heat treatment, since it ends extremely for a short time. 

[0092] In addition, it replaces with heat treatment by the RTA method, and may be made to perform heat treatment of about 2 
hours in N2 atmosphere at about 1050 degrees C using an electric furnace. Since it is the same as that of the process of the 4th 
operation gestalt shown in drawing 46 - drawing 49 , the 6th subsequent process - the 9th process are skipped. TFT which makes 
the polycrystal silicon film 3 an active layer according to the above process can be formed. 

[0093] Here, the effect by heat treatment of the 3rd process of the 4th operation gestalt and heat treatment of the 5th process of 
the 5th operation gestalt is explained. Drawing 55 is a graph which shows the concavo-convex state of the front face of a 
polycrystal silicon film with the case where heat treatment is not considered as the case where it heat-treats, after carrying out 
laser radiation to the polycrystal silicon film 3 which is an active layer. With reference to drawing 55 , as for the irradiation 
density of laser, and the vertical axis, the irregularity (surface roughness) of the front face of the polycrystal silicon film 3 is taken 
by the horizontal axis. As shown in drawing 55 , the irregularity of the front face after irradiating laser and polycrystal-izing it to 
amorphous silicon is about l.Onm. Moreover, surface roughness is increasing to about 6.7nm, when various irradiation densities 
are not heat-treated to about 2.5nm being maximum when heat-treating to a change ****** case. 

[0094] Thus, the surface roughness of the polycrystal silicon film 3 can be reduced by heat-treating after the laser radiation at the 
time of polycrystal-izing the amorphous silicon layer 2 used as an active layer. In this case, since crystallinity is improved by laser 
radiation and the surface roughness of the polycrystal silicon film 3 is further reduced by heat treatment after laser radiation, 
electric field effect mobility of TFT formed can be enlarged, consequently the drain current of TFT can be made to increase. If 
such TFT is used for a liquid crystal display, while the high-speed drive of the drive circuit section will be attained, 
highly-minute-izing and densification of the pixel section are realizable. 

[0095] The relation of the electric field effect mobility of a carrier and the excimer laser irradiation energy density in the 
polycrystal silicon film after heat treatment after laser radiation was performed is shown in drawing 56 . With reference to 
drawing 56 , it is alike, therefore electric field effect mobility also rises, the about 300 mJ/cm2 - 325 mJ/cm2 neighborhood shows 
a peak, and it turns out [ to which the irradiation energy density of an excimer laser rises ] after that with the increase in an energy 
density that electric field effect mobility is decreasing one by one. Thus, having a peak is based on the relation of both crystalline 
improvement by excimer laser irradiation and surface dry area of a trade-off [ near / this / the peak ], the relation between a 
crystalline improvement and a surface dry area is maintained at the best relation, and, thereby, can obtain good electric field effect 
mobility. 

[0096] In addition, the energy density (about 300 mJ/cm2 - 325 mJ/cm2) of the peak position shown in drawing 56 differs from 
the energy density (about 250 mJ/cm2) of the peak position shown in drawing 22 because it is performing only heating after laser 
radiation by drawing 56 to performing both heating at the time of laser radiation, and heating after laser radiation in drawing 22 . 
[0097] (6th operation gestalt) With reference to drawing 57 and drawing 58 , the manufacture process of TFT by the 5th 
operation gestalt is explained hereafter. This 6th operation gestalt explains the case where offset structure is formed, in the 7th 
process of the above 4th and the 5th operation gestalt - the 9th process (refer to drawing 47 - drawing 49 ). Specifically, as shown 
in drawing 57 s the ion implantation of the impurity for forming the low concentration impurity ranges 10 and 1 1 is performed 
after formation of a sidewall 12. And as shown in drawing 58 after that, the resist film 30 is formed so that a sidewall 12 and the 
gate electrode 8 may be covered. And by carrying out the ion implantation of the impurity to the polycrystal silicon film 3 by using 
the resist film 30 as a mask, the high concentration impurity ranges 1 4 and 1 5 are formed. According to such a process, TFT of 
offset structure can be formed easily. In addition, while performing laser radiation also in this 6th example at the time of formation 
of the polycrystal silicon film 3, it heat-treats after that. Thereby, TFT with high electric field effect mobility can be formed like 
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the above 4th and the 5th operation gestalt. 

[0098] (7th operation gestalt) With reference to drawing 59 - drawing 61 , the manufacture process of TFT by the 5th operation 
gestalt is explained hereafter. The 7th operation gestalt explains the case where a sidewall 12 is not formed in the manufacture 
process of the 4th operation gestalt shown in drawing 46 - drawing 49 . 

[0099] With this 7th operation gestalt, even the structure first shown in drawing 46 using the manufacture process by the 4th 
operation gestalt shown in drawing 4 1 - drawing 46 and the same process is formed. Then, an impurity is injected into the upper 
surface of the portion which the polycrystal silicon film 3 exposed, and the gate electrode 8 as shown in drawing 59 . Then, an 
impurity is activated by heat-treating. In the case of n type impurity, an arsenic (As) and phosphorus (?) are used for the impurity 
at this time. The conditions in this case are about 80 keV(s) and about 3xl013-/cm2. Moreover, in the case of a p type impurity, 
boron (B) is used. The conditions in this case are about 30 keV(s) and about 1.5x1 01 3-/cm2. This forms the low concentration 
impurity ranges 10 and 1 1 . 

[0 1 00] Next, the resist 3 1 as shown to drawing 60 that it covers the gate electrode 8 and a part of low concentration impurity 
ranges 10 and 1 1 is formed. Then, as shown in drawing 6 1 , the ion implantation of the impurity is carried out to the polycrystal 
silicon film 3 by using a resist 3 1 as a mask. This forms the high concentration impurity ranges 1 4 and 1 5. A resist 3 1 is removed 
after this. In addition, in the case of n type impurity, the conditions in that case of the impurity at the time of forming the high 
concentration impurity ranges 14 and 15 are about 80 keV(s) and about 3x101 5-/cm2 using phosphorus ion. An impurity is 
activated by furthermore heat-treating using an electric furnace in this state. N2 quantity of gas flow of the heat treatment 
conditions in this case is a part for about 51./for about 850 degrees C and about 30 minutes. Thus, the source / drain field which 
has the LDD structure which consists of low concentration impurity ranges 10 and 1 1 and high concentration impurity ranges 14 
and 15 are formed. 

[0101] (Operation gestalt of the octavus) Next, with reference to drawing 62 - drawing 69 , the manufacture process of TFT by 
the operation gestalt of the octavus is explained, the 4- mentioned above - although the 7th operation gestalt showed the 
manufacture process of top gate type TFT that the gate electrode 8 was located on the polycrystal silicon film 3, the operation 
gestalt of this octavus explains the manufacture process of bottom gate type TFT that the gate electrode 8 is located under the 
polycrystal silicon film 3 In addition, laser radiation and the fundamental manufacture process of heat treatment are the same as 
the 4th operation gestalt almost. It explains concretely below. 

[0 1 02] First, as shown in drawing 62 , after forming the gate electrode 8 on the transparent insulation substrate 1 which consists 
of glass or quartz glass, the gate insulator layer 6 is formed so that the gate electrode 8 may be covered. On the gate insulator layer 
6, the LPCVD method or P-CVD is used and the amorphous silicon film 2 which has about lOOnm thickness is formed. Then, die 
amorphous silicon film 2 is used as the polycrystal silicon film 3 as shown in drawing 63 by irradiating an excimer laser and 
giving laser annealing to the front face of the amorphous silicon film 2. This polycrystal silicon film 3 serves as an active layer of 
TFT. 

[0103] Next, as the 3rd process, as shown in drawing 64 , rapid heat treatment is performed using the RTA method. For Xe arc 
lamp and temperature, about 900-degree-C or more about 1 100 degrees C or less (preferably about 950 degrees C or more about 
1 100 degrees C or less) and atmosphere are [ a heat source / N2 and the time of the heat treatment conditions at this time ] 1 
second - 10 seconds. It is prevented that the transparent insulation substrate 1 deforms decreasing the defect in the crystal of the 
polycrystal silicon film 3 etc. with elevated-temperature heat treatment, since it is ended extremely for a short time, although 
heating by this RTA method is an elevated temperature. In addition, this heat treatment is replaced with the describing [ above ] 
RTA method, puts in the transparency insulating substrate 1 in an electric furnace, and may be made to perform heat treatment of 
about 2 hours under about 1050-degree C temperature conditions in N2 atmosphere. 

[0104] Then, the polycrystal silicon film 3 as shown in drawing 65 is formed in the formation position of TFT by carrying out 
patterning of the polycrystal silicon film 3 using photoengraving-process technology and dry etching technology. Then, as shown 
in drawing 66 , after forming a resist 32 to a predetermined field on the polycrystal silicon film 3, the ion implantation of the 
impurity is carried out to the polycrystal silicon film 3 by using this resist 32 as a mask. This forms the high concentration 
impurity ranges 14 and 15. 

[0105] Next, as shown in drawing 67 , the layer insulation film 33 is formed so that the polycrystal silicon film 3 and the gate 
insulator layer 6 may be covered. And opening of the contact hole as shown in the field located on the high concentration impurity 
range 1 4 of the layer insulation film 33 and 1 5 at drawing 68 is carried out. While embedding the inside of the contact hole, the 
AISi film which serves as the source drain electrode 1 8 so that it may be prolonged on the layer insulation film 33 is formed. And 
by carrying out patterning of the AISi film, the source drain electrode 1 8 as shown in drawing 69 is formed. 
[0106] Thus, bottom gate type TFT can be formed. Since the irregularity of the front face of a polycrystal silicon film is reduced 
by heat treatment after laser radiation while the crystallinity of the polycrystal silicon film 3 is improved by laser radiation, the 
electric field effect mobility of TFT can be raised and, thereby, drain current can be made to increase also in bottom gate type TFT 
by the operation gestalt of this octavus. 

[0107] In addition, in applying such bottom gate type TFT to a liquid crystal display, it becomes the structure shown in drawing 
40 , and the same structure, moreover -- when TFT by the operation gestalt of the octavus is applied to a liquid crystal display in 
this way, while being able to accelerate the drive circuit section of a liquid crystal display — the pixel section - 
highly-minute-izing — and densification can be carried out 
[0108] 

[Effect of the Invention] If it is in the manufacture method of the semiconductor device of this invention, the semiconductor device 
equipped with the semiconductor layer which has high mobility can be manufactured easily. Moreover, if it is in the manufacture 
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method of other semiconductor devices of this invention, while decreasing the crystal defect of a semiconductor layer, the 
irregularity of the front face of a semiconductor layer can be reduced. 



[Translation done.] 
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